The RecA proteins of the unusually strong protease-constitutive mutants recA1202 and recA1211 can use RNA in addition to single-stranded DNA (ssDNA) as a cofactor in the cleavage of the LexA repressor in vitro. In the presence of rRNA or tRNA, the effectiveness of these proteins decreased in the order RecA1202 > RecA1211 >> RecA+, which is also the order of their in vivo constitutive protease activities. (6, 17) , thereby inducing the expression of the SOS regulon of unlinked genes (7, 22, 23, 27) , some of which encode proteins involved in the repair of damaged DNA; the SOS genes are induced by treatments that damage DNA or block DNA replication.
The RecA protein of Escherichia coli has two primary functions which contribute to its role in DNA repair: (i) a recombinase function, which promotes homologous genetic recombination and consequently the recombinational repair of damaged DNA (12, 16, 18) ; and (ii) a so-called protease function, in which RecA acts to enhance the proteolytic cleavage of the LexA repressor (6, 17) , thereby inducing the expression of the SOS regulon of unlinked genes (7, 22, 23, 27) , some of which encode proteins involved in the repair of damaged DNA; the SOS genes are induced by treatments that damage DNA or block DNA replication.
Such treatments appear to produce the effectors that activate the RecA protein to act as a protease (7, 11, 14, 15) . In vitro, this activation requires the simultaneous binding to RecA of two effector species, namely, single-stranded DNA (ssDNA) and a nucleoside triphosphate (NTP); the latter is preferably dATP or ATP (1, 2, 10, 11, 26) . The wild-type RecA protein is not an active protease under normal growth conditions, presumably because the cell does not normally contain enough of the effector molecules, especially ssDNA.
We have systematically isolated recA mutants that have constitutive protease activity (Prt9); these mutants show induction of the SOS system in the absence of DNAdamaging agents (19, 20, 25) . Much of what we know about PrtC mutants is based on studies of the original Prtc mutant strain recA441, which shows protease activity at elevated temperatures in the absence of deliberate damage to the DNA (4). In vitro, RecA441 protein binds both effectors, ssDNA and ATP (or dATP), more tightly than the wild-type RecA protein does, and it is converted to the protease active state by much smaller amounts and shorter fragments of ssDNA when studied with lambda repressor as the substrate (10, 11) . It was proposed, therefore, that the basis for the constitutive protease activity is an activation of the RecA441 protein by small single-stranded gaps in the DNA of undamaged cells, perhaps at the replication fork (10, 15 Various NTP species show different efficiencies in promoting RecA protease activity in vitro (11, 26) . For both RecA+ and RecA441 proteins, only dATP and ATP are efficient (therefore, we call them positive NTP effectors [25] ), whereas other NTPs are relatively quite inefficient. Since the other NTPs actually inhibit dATP-or ATP-promoted RecA protease activity in vitro (11, 26) , we call them negative NTP effectors (25) .
Like the NTPs, various polynucleotides also show different efficiencies in promoting RecA protease activity (1, 2, 10, 26) . Long ssDNA and certain deoxyhomopolymers efficiently promote the protease activities of both the RecA+ and RecA441 proteins; for cleavage of lambda repressor, the homopolymer poly(rA) can be used efficiently by either the RecA+ or the RecA441 protein, whereas poly(rC) and poly(rU) can be used efficiently only by the RecA441 protein (1, 10) . Also, the RecA+ protein can use RNA as a cofactor in the cleavage of the LexA protein (13) . All these in vitro results suggest that RNA could play a role in activating the protease activity of RecA in vivo.
Many novel recA protease-constitutive mutants have been isolated, their constitutive protease activities have been measured, and the nucleotide changes of some have been determined (19, 20, 25) . To understand how RecA is activated in vivo and why Prtc mutants show constitutive protease activity, we have undertaken a biochemical analysis of two strong Prtc proteins, RecA1202, which is a representative of the most active class of protease-constitutive mutants, and RecA1211, which is a member of a slightly weaker class (19; unpublished results). The preceding paper (24) (25) , which was prepared by two cycles of equilibrium CsCl density gradient centrifugation. Other materials are described in the preceding paper (24) .
Purification of RecA+, RecA1202, RecA1211 and LexA proteins. Purification of the proteins used has been described in the preceding paper (24 We compared the two mutant proteins with RecA+ in their abilities to cleave LexA in the presence of rRNA and tRNA ( Fig. 1 ). In the absence of a polynucleotide, all three proteins produced merely a trace of a LexA cleavage product, which was visible in the original gel (but disappeared after extensive destaining). Since a similar low level of cleavage was observed even in the absence of any RecA protein, this background could be attributed to autodigestion of LexA (6) .
In the presence of either rRNA or tRNA, only the RecA1202 and RecA1211 proteins efficiently cleaved the LexA repressor; cleavage by the RecA+ protein was at the background level. The abilities of these proteins to cleave LexA in the [24] ), it did not decline even at much higher concentrations of rRNA (Fig. 2) .
Effect of various NTPs on the cleavage of LexA by RecA1202 and RecA1211 proteins with rRNA as a cofactor. The preceding paper (24) shows that in the presence of ssDNA the RecA1202 and RecA1211 proteins are able to use every common NTP as a cofactor to cleave the LexA repressor. We investigated whether this was true when rRNA was used as the polynucleotide effector. We found that only dATP, ATP, and ATP-y-S efficiently promoted LexA a Reactions were performed as described in the preceding paper (24) . The 40-pl reaction mixture contained 1 IpM RecA protein, 8 CTP, dCTP, GTP, dGTP, UTP, and TTP were ineffective ( (10) . Since the RecA1202 and RecA1211 proteins responded differently from RecA+ to RNA, we looked for a differential effect of various ribohomopolymers on LexA cleavage by these proteins. Poly(rA), poly(rU), and poly(rI) were effective in promoting LexA cleavage by the RecA+, RecA1202, and RecA1211 proteins, whereas poly(rC) and poly(rG) were ineffective (Fig. 3) ; there was, however, no distinctive difference between the mutant and RecA+ proteins in their cleavage ability. For the RecA+ protein, it should be noted that although poly(rU) effectively promoted cleavage of the LexA repressor (Fig. 3) , it does not do so for lambda repressor (10) Fig. 1 ; Table 1 ). The LexA cleavage rates for the two mutant proteins in the presence of rRNA (Fig. 2) were comparable to those in the presence of ssDNA (Fig. 3B of the preceding paper [24] ), indicating that RNA may play a significant role in the in vivo activation of RecA1202 and RecA1211 proteins. The rates of LexA cleavage in the presence of rRNA or tRNA decreased in the order RecA1202 > RecA1211 >> RecA+, which corresponds to the order of the in vivo constitutive RecA protease activities of these strains (19; unpublished data).
rRNA was more effective than tRNA in promoting RecA protease activity ( Fig. 1; Table 1 ). At least two things may account for the difference: the greater length and the greater degree of single strandedness of the rRNA. We have not studied the effectiveness of mRNA, but since it generally has the least secondary structure among these three polynucleotides, we would expect it to promote even faster LexA cleavage by RecA1202 and RecA1211 proteins.
Excess ssDNA inhibits the cleavage of LexA repressor by RecA1202 and RecA1211 proteins (Fig. 3B of preceding (Fig. 3) . Taken together, the data suggest that the mutational differences in the polynucleotide-binding sites of the two mutant proteins must be rather specific.
For the RecA+ protein, poly(rU) is a poor effector in the cleavage of lambda repressor (10), but we found it to be a good effector in the cleavage of the LexA repressor (Fig. 3) . ATP is also a poor effector in the cleavage of lambda repressor (11), but we showed in the preceding paper (24) that it is a good effector in the cleavage of the LexA repressor. These results suggest that the RecA-effector complex assumes a somewhat different conformation for cleavage of the lambda repressor than it does for cleavage of the LexA repressor.
The protease activity of the RecA+ protein can be stimulated in vitro by UV-irradiated dsDNA, whereas that of the RecA441 protein can be stimulated even by unirradiated dsDNA; therefore, it was suggested that the lesion itself could play a role in the activation of RecA+ protein and that undamaged dsDNA could be involved in the constitutive activation of the RecA441 protein (8, 9) . We have shown here that the rate of LexA cleavage by the RecA1202 and RecA1211 proteins in the presence of dsDNA (Table 3) is only about 1/10 the rate found for either ssDNA (Fig. 3B of preceding paper [24] ) or rRNA (Fig. 2) , but since dsDNA is so abundant in vivo, it could still have a significant role in the activation of RecA1202 and RecAl211 proteins. The in vitro LexA cleavage rate due to UV-irradiated dsDNA (8, 9) is also low compared with the rate due to either ssDNA or rRNA. It seems unlikely, therefore, that the lesion itself is directly involved to any significant extent in the activation of RecA protease activity in vivo.
Our aim has been to find a biochemical basis for the high constitutive RecA protease activities of the recA1202 and recA1211 strains. Like the RecA+ protein, RecA1202 and RecA1211 still require both a polynucleotide (Fig. 1 ) and an NTP (Fig. 4 of preceding paper [24] ) effector for in vitro cleavage activity. Therefore, their in vivo protease activities cannot be explained by the lack of a requirement for either effector. Instead, their activities can be explained by the change in their affinity for various effectors. The RecA441 protein is known to be more efficient than RecAt in interacting with effector NTPs (ATP or dATP) and ssDNA and in cleaving lambda repressor (10, 11) . It was therefore proposed that the RecA441 protein could be activated by small amounts of single-stranded gaps in the DNA of undamaged cells, which may exist at the replication fork (10, 15) . From the preceding paper (24) The high spontaneous mutation frequencies of the recA1202 and recA1211 strains (19) are consistent with the idea that some aspect of the RecA protease activity related to its ability to cleave the LexA repressor is also needed in spontaneous mutation (21 (25) , these changes can affect both polynucleotide and NTP binding. The mutational changes of RecA1202 and RecA1211 proteins occur at the middle (codon 184) and N terminus (codon 38), respectively, of the linear RecA polypeptide (25) , indicating that these two regions may be involved in both polynucleotide and NTP binding. We previously suggested that an N-terminal portion of the linear polypeptide made up part of the polynucleotidebinding domain, that a middle portion made up part of the NTP-binding domain, and that a C-terminal portion was involved in the binding of both (25) . It now appears that all three regions may interact to form both polynucleotide-and NTP-binding sites or may influence polynucleotide and NTP binding through long-range effects.
